Objective: To design a new semantically interoperable clinical repository, based on ontologies, conforming to CEN/ISO 13606 standard. 
One way to avoid complex translations from the internal structure to the Reference Model is to use the latter in the persistence layer. This is the approach followed in OntoCR. Clinical data are stored in the database as instances of archetypes and as 13606 RM constructs: folders, compositions, sections, entries, clusters and elements. In this way, adding data from an extract to the repository and creating extracts from the repository are simple processes.
Previous work done by our group has focused on designing and implementing a framework for the development of clinical data repositories following an ontologybased approach using OWL 1 [22] . This approach is called OntoCRF [23] . In OntoCRF, the repository is independent of content specification. All the required information to define a new project is explicitly stated in ontologies. The user interface is built automatically on the fly as web pages, while data are stored in a generic repository. In OntoCRF, data structures are modeled in an ontology according to a specific metamodel that defines the available elements that can be used to build an application, mainly for GUI definition.
The proposed solution is to build OntoCR by extending OntoCRF, thus achieving a native CEN/ISO 13606 clinical repository driven by ontologies.
Materials and methods
The approach followed in OntoCRF is similar to the dual model of CEN/ISO 13606. In 3. instances layer: specific patient data -web forms are automatically generated on the fly to record data specified by archetypes.
Meta-model description
In OntoCR, we intend that not only communication, but also storage and data capture be available. CEN/ISO 13606 Reference and Archetype Models, ISO 21090 data types, and SNOMED CT structure are modeled and integrated as OWL ontologies, which constitute a meta-model for constructing detailed archetypes.
As a design principle, OWL elements are used when available. This avoids, for example, the need to create a new class list to represent lists of properties, because OWL has its own model to define properties.
Although defined classes in the standards will generally become classes in the metamodel, and defined properties in the standards will generally become properties in the meta-model, the modeling process is not so straightforward. CEN/ISO 13606 and ISO 21090 standards are information models, not conceptual models. To achieve the metamodel, there has to be a transformation process from the information models specified in the standards to the conceptual models represented by ontologies. For example, when a codified item is communicated between two different systems, using de ISO 21090 CD data type, not only the corresponding code is communicated, but also the code system to which it belongs to, the code system version, the code system name, etc. A direct representation of type CD as a class with properties code, codeSystem, codeSystemName, codeSystemVersion, and so on, would result in repeatedly storing data about the code system used, with each code, which would be very inefficient.
Representing the relationship between codes and code system conceptually, as explained below, produces a more efficient, consistent and scalable system.
Modeling data types: ISO 21090
The first element to be modeled is the data type system used.
ISO 21090 standard provides a set of data type definitions for representing and exchanging basic concepts that are commonly encountered in healthcare environments. 
Reference model: CEN/ISO 13606
Reference model CEN/ISO 13606 is conceptually modeled in an ontology that imports the ISO_21090.owl ontology. In general, each one of the classes defined in the standard is modeled as a class in the ontology, for example RECORD_COMPONENT, COMPOSITION, ENTRY, etc. Each one of the properties defined in the standard is modeled as a property in the ontology. In this way, a single extract of a particular patient becomes an instance in the ontology.
We have previously commented on the design principle for using build-in elements of OWL. Following this principle, defined associations in the RM, such as 
Linking the RM and Archetype model
The link between the RM and AM model is provided in the standard by the property C_OBJECT.rm_type_name:String [1] . We have defined the classes of the RM as subclasses of C_COMPLEX_OBJECT, as shown in Figure 4 . By doing so, each instance of C_COMPLEX_OBJECT, can be modeled as an instance of the corresponding RM class , thus being a stronger way to link both models. 
Terminologies
CEN/ISO 13606 not only allows for, but also highly recommends the use of controlled vocabularies. ISO 21090 includes data type CD.CV to represent coded values. This class includes a set of properties to identify the code system to which the code used belongs, but the values of these properties are strings, so the coding system itself is not conceptually represented.
In OntoCR, each vocabulary is represented by a class which is an instance of the metaclass Codification_system and is a subclass of the CD.CV class. Figure 5 shows an example of SNOMED CT. This approach allows for the non-repetition of common information for each instance.
Information belonging to the vocabulary being used is stored only once. For this proof of concept the required SNOMED CT concepts are predefined in the ontology. In a real scenario this model should be integrated with the use of a terminology server and CTS2 services.
